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Abstract 
Analytical Chemistry plays a very important role in the modern world. The main  reasons are; the need of environmental 
monitoring, quality of food and water control, human health, quality of industrial production control, nanotechnologies and 
material science. Together with Inorganic Chemistry, Organic Chemistry and Physical Chemistry, Analytical Chemistry is a 
fundamental chemical course. The education of Analytical Chemists is carried out in 52 Polish universities introduced already 
in the Bolonia Process, ECTS points and three steps of education: Bachelor’s degree (at universities of technology – 
Engineer’s degree), Master’s degree and Doctoral Studies. The first level, Bachelor’s degree, contains the basic knowledge: 
gravimetric analysis, electrogravimetry, acid-base titration, oxidation-reduction titration, precipitation titration, 
complexometric titration and quality assurance and quality control of results. The second level (Master’s degree) contains 
more developed analytical techniques: gas and liquid chromatography, spectrophotometric methods, electrochemical methods, 
elemental analysis etc. A bachelor’s projects as well as a diploma and doctoral thesis very often are prepared in the field of 
Analytical Chemistry. It is very popular with students, each year we have in Poland about 100 doctorate in this field. The 
laboratory on Polish universities are well equipped in specialist apparatuses, but it’s strongly depended on university profile 
and how big it is. Some students are doing studies and thesis abroad, in the frame of LLP ERASMUS Program or other 
international programs. It promotes the international dimension and improves the quality of education by encouraging 
innovation in education. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of The Association of Science, Education and Technology-TASET, Sakarya 
Universitesi, Turkey. 
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Analytical Chemistry plays a very important role in the modern world. From the society there is the huge demand 
for information on various material objects that can be obtained in the course of analytical examination of 
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collected samples. Therefore, the analytical information resulting from the work of analysts is a response to 
society’s demands, as is pictured in the diagram shown in Figure 1. The crucial role plays the specialist 
education.  
During the 20th century Analytical Chemistry had expanded from the discipline treated commercially to the 
independent and very important science. Analytical Chemistry can be divided into:  
- Analytical Chemistry - the basic discipline about the analytical process, which covers 
development of new analytical methods and techniques together with apparatus, and 
- Chemical Analysis, named Analytics - practical application of analytical methods. 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Demand for analytical information as a stimulus for the development of analytics 
 
 
Generally, Analytical Chemistry responds to a few basic questions, such as: what is in our surroundings? 
(qualitative analysis), how much is it? (quantitative analysis), how is it organized? (structural analysis) and how does it 
change over time? (process analysis and monitoring). The source of information is the analyzed sample. A information 
is obtained by decoding the analytical signal (of the measured physical or physicochemical value). Almost each 
physical or physicochemical property can be the basis for determination of a given element or compound. On this 
stage, it should be underlined that Analytical Chemistry can be treated as a challenge for scientific staff and people, 
who are responsible for the arrangement of the programmes of studies. 
Analytical information is indispensable in different industrial branches, medicine, biology, agriculture and food 
industry, judiciary and criminology, atomic power engineering, environmental protection, archeology, history and 
geology. The obtained result should be reliable, it is extremely important in analysis. Analytical chemist is officially, 
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disciplinarily, penally and financially responsible for the reliability of the analytical results. The quality control of the 
results of measurements can be treated as a next challenge for Analytical Chemistry programmes and teachers. The 
Committee on Analytical Chemistry of the Polish Academy of Sciences developed the main assumptions and standards 
for education in Analytical Chemistry. The aim of education within the framework of the subject named „Analytical 
Chemistry” is to introduce the students to the chemical and physical principles of analytical techniques, basic chemical 
operations, analytical apparatuses and to prepare them to take an active part in the analytical process. It means the 
knowledge of the particular steps of the analytical process, specificity of the analytical problem, collection and 
preparation of the sample for analysis, analytical measurement and interpretation of the obtained results. Each graduate 
of the chemical studies should have the ability to : 
- use monographic and normative treatises and original literature, 
- calculate masses and volumes of the reagents appropriate for preparation a solution of a given 
concentration, 
- prepare the standard solutions for volumetric determinations, 
- choose the appropriate analytical method in relation to the type of the analyzed material, determined 
analyte(s) and the aim of analysis, 
- collect the representative sample and prepare it for analysis, 
- choose the separation method and apply it to a given analytical problem, 
- make the measurement by applying chemical and physical techniques suitable for a given analytical 
problem, 
- calculate the analytical result, estimate the possible uncertainties, determine the parameters 
characteristic for a given analytical method and the obtained results, 
- know the basics of validation process of a given analytical procedure and apply it in practice. 
The course Analytical Chemistry should be included in the programmes of studies after, or in the worst case 
during, the subjects, such as: Inorganic Chemistry, Organic Chemistry and Physical Chemistry. The knowledge of 
these subjects is essential for proper understanding of Analytical Chemistry.  
The education of Analytical Chemists is carried out in 52 Polish universities, including medical universities. All 
these universities are introduced already in the Bolonia Process, ECTS points and three steps of education: Bachelor’s 
degree (at universities of technology – Engineer’s degree), Master’s degree and Doctoral Studies. The lectures are 
carried out by a highly qualified scientific staff. The main university and the staff carrying out courses from Analytical 
Chemistry and related subjects are listed in Table 1. The number of independent employees (professors and habilitated 
doctors) reaches 13 at Adam Mickiewicz University in Pozna , 12 at Warsaw University of Technology and 11 at 
Gdansk University of Technology and Poznan University of Life Sciences. Other employees have in a great measure 
long teaching experience. Obviously, it is difficult to compare well-known universities with diploma profiles connected 
with analytics with small institutes of other teaching profile.  
 
1. Table 1. Polish universities and the staff teaching Analytical Chemistry and related subjects 
 
University 
 
Faculty/Department 
Teaching staff Docto-
rants  Prof. 
University of 
Bialystok 
Faculty of Biology and Chemistry, Institute 
of Chemistry  
19 5  
University of 
Gda sk 
Faculty of Chemistry, Dept. of Analytical 
Chemistry, Dept. of  Environmental 
Analytics,  Chair of Environmental 
Chemistry and Ecotoxicology 
29 4 18 
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Jagiellonian 
University in 
Krakow 
Faculty of Chemistry, Department of 
Analytical Chemistry  
14 5 17 
Collegium Medium, Departament of 
Inorganic and Analytical Chemistry  
17 2  
Maria Curie- 
Sk odowska 
University in 
Lublin 
Faculty of Chemistry, Department of 
Analytical Chemistry and Instrumental 
Analysis, Department of Chromatographic 
Methods, 
19 7 6 
University of Lodz Faculty of Chemistry, Department of 
Instrumental Analysis, Department of 
General and Inorganic Chemistry  
20 4 5 
University of 
Warmia and 
Mazury in Olsztyn 
The Faculty of Environmental Management 
and Agriculture, Department of Agricultural 
Chemistry and Environment Protection 
7 3 2 
The Faculty of Food Science Chair of 
Commodity Science and Food Analysis 
8 3  
The Faculty of Environmental Sciences and 
Fisheries, Department of Environment 
Protection Engineering 
6 3  
Opole University Faculty of Chemistry, Department of 
Analytical and Ecological Chemistry 
4 1 7 
Adam Mickiewicz 
University in 
Pozna  
Faculty of Chemistry, Department of Water 
and Soil Analysis, Deportment of Analytical 
Chemistry, Department of Supramolecular 
Chemistry, Department of Water Treatment 
Technology, Department of Rare Earth's, 
Department of General Chemistry, Advanced 
Chemical Equipment and Instrumentation 
Facility 
28 13 12 
University of 
Silesia 
Institute of Mathematics, Physics and 
Chemistry, Inst. of Chemistry, Department of 
Analytical Chemistry 
16 3  
University of 
Szczecin 
Faculty of Life Science, Department of 
Chemistry and Environment Protection  
4 1  
Nicolas Copernicus 
University in Torun 
Faculty of Chemistry, Department of 
Environmental Chemistry and Ecoanalytics 
Dept. of Analytical Chemistry 
28 9 19 
University of 
Warsaw  
Faculty of Chemistry, Dept of Inorganic and 
Analytical Chemistry  
26 9 9 
University of Faculty of Chemistry, Dept. of Analytical 16 4  
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Wroclaw Chemistry 
University of 
Zielona Góra 
Faculty of Civil and Environmental 
Engineering,  Institute of Environmental 
Engineering  
11 2  
Medical University 
of Gda sk 
Fac. of Pharmacy, Chair and Department of 
Analytical Chemistry, Dept of Food Science 
21 8  
Medical University 
of Wroclaw 
Fac. of Pharmacy, Chair and Department of 
Analytical Chemistry  
10 2  
Poznan University 
of Medical 
Sciences 
Fac. of Pharmacy, Chair and Department of 
Analytical Chemistry 
13 4  
Medical University 
of Lublin 
Department of Chemistry  25 5 9 
Medical University 
of Warsaw 
Fac. of Pharmacy, Chair and Department of 
Inorganic and Analytical Chemistry  
21 1  
The Jan 
Kochanowski 
University in 
Kielce 
Faculty of Mathematics and Sciences,  
Department of Analytical Chemistry 
13 6 6 
Poznan University 
of Life Sciences 
Faculty of Food Science and Nutrition 
Website, Dept of Chemistry, Dept of Food 
Concentrate, Dept of Biochemistry and Food 
Analysis  
31 11  
Gda sk University 
of Technology 
Chemical Faculty, Department of Analytical 
Chemistry  
13 11 36 
The Silesian 
University of 
Technology 
Chemical Faculty, Department of Analytical 
and General Chemistry 
10 2 3 
Koszalin 
University of 
Technology 
The Department of Civil and Environmental 
Engineering, Division of Water, Sewage and 
Waste Technology, Division of Water-Sludge 
Technology and Waste Utilization 
4 1  
AGH University of 
Science and 
technology 
Faculty of Materials Science and Ceramics, 
Dept. of Analytical Chemistry  
13 6 12 
Cracow University 
of Technology 
Faculty of Engineering and Chemical 
Technology, Dept. of Analytical Chemistry  
11 2  
Poznan University 
of Technology 
Faculty of Chemical Technology, 
Departament of Analytical Chemistry  
8 2  
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Technical 
University of 
Radom 
Faculty of Materials Science and Technology, 
Dept of Environmental Protection, Dept of 
Chemistry, Dept of Polymers  
13 2  
Rzeszow 
University of 
Technology 
The Faculty of Chemistry, Dept of Inorganic 
and Analytical Chemistry, Dept of Organic 
Chemistry, Dept of Polymers  
17 5  
Warsaw University 
of Technology 
Faculty of Chemistry, Dept of Analytical 
Chemistry, Dept of Microbioanalytics, Fac. 
of Chemical and Process Engineering 
25 12 19 
 Wroc aw 
University of 
Technology 
The Faculty of Chemistry, Dept of Analytical 
Chemistry 
15 4  
 
The following aspects should be involved in the fundamental course of analytical chemistry : 
- basic determinations in the model systems as a test of competence for people working in the 
laboratory : titration (acid-base titration – preparation of the titrant solutions, chemical indicators, chemical 
equilibrium, titration curves, pH determination by means of pH indicators and potentiometric methods; 
redoxometry and precipitation analysis – titrant solutions, indicators, chemical equilibrium, titration curves, 
determination of the end point of the potentiometric titration; complexometry – complex formation 
equilibrium, stability constants of complexes, properties of complexons and indicators), gravimetric and 
electrogravimetric determinations; 
- separation techniques in the multicomponent systems: ion-exchange chromatography, solvent 
extraction, precipitation without and with carrier. Volatility, electrolytic separation. Selectivity. Analysis of 
real multicomponent systems; 
- evaluation of the reliability of the analytical results: statistical evaluation of the analytical results, 
quantitative characteristics of analytical methods, elements of information theory in Analytical Chemistry, 
evaluation of precision and accuracy. Basics of chemical metrology. Method validation, reference materials, 
interlaboratory studies; 
- application of physical and physicochemical techniques to analytical chemistry. Spectroscopic 
methods (flame atomic emission spectroscopy, atomic absorption and emission spectroscopy, UV, VIS, IR 
spectroscopy, mass spectrometry), electrochemical methods (potentiometry, amperometry, voltamperometry, 
coulometry, conductometry); separation methods (chromatographic and electromigration techniques); 
- apparatus aspects of instrumental methods and their analytical application; 
- application of analytical methods to particular analytical processes (for example : environmental, 
industrial, clinical etc.). 
 
Table 2 Examples of courses carried out at chosen Polish universities  
University Courses 
Jagiellonian 
University in 
Krakow 
Basis of Statistics and Chemometry, Chemometry and Biometry, Flow Analysis, 
Pharmaceutical Analysis, Ecotoxicology and Environmental Toxicology, Clinical 
Toxicology, Forensic Toxicology, Radiometric Analysis, Analytical Calibration, 
Criminological Physicochemistry, Mass Spectrometry, Environmental Chemistry 
 University of 
Lodz 
Applied Electrochemistry, Electrochemistry and Nanoelectrochemistry as Methods and 
Tools for Modern Technology,  Environmental Analytical Chemistry, Monitoring and 
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Analysis of Surface Water, Speciation Analysis, Basis of Chromatographic Analysis and Its 
Application in Modern Environmental Research, Application Modern Analytical 
Techniques in Monitoring and Environment Protection, Affinity Chromatography, 
Hyphenated Analytical Techniques in Environmental Analysis, Basis of Criminological 
Analysis, Analytical Techniques in Archeology  
Adam 
Mickiewicz 
University in 
Pozna   
Cosmetic Analysis, Spectrophotometric Methods, Environmental Monitoring, Bioanalytic 
Chemistry, Water and Soil Pollutants Analysis,  Chromatographic Methods, Atomic 
Spectrometry, Air Pollutants Analysis, Speciation Analysis 
Copernicus 
University in 
Torun 
Environmental Chemistry and Ecology, Analytics and Control in Environmental Chemistry, 
Separation Techniques in Trace Analysis, Statistic Methods, Biomedical Chemistry, 
Toxicology, Basis of Separation Techniques, Mass Spectrometry in Analytics, 
Miniaturization and Automatization in Analytics, New Materials for Chromatography 
University of 
Warsaw  
Chemical Metrology, Methods of Isolation and Preconcentration,   Chemometry, Liquid 
Chromatography, Instrumental Analysis, Environmental Analysis, Electrochemical Sensors, 
Automatization in Chemical Analysis, Speciation Analysis in Biological Samples, Trace 
Analysis of  natural Samples 
Medical Univ.  of 
Gda sk 
Spectroscopic Methods in Drug Analysis, HPLC as a Method for Phenolic Extracts from 
Plants Analysis  
Medical 
University of 
Wroclaw 
Analytical Chemistry, Instrumental Analysis, General and Inorganic Chemistry, Medical 
Analysis, Environment Protection, Toxicology,  Drug Analysis, Food Science,  
Gda sk 
University of 
Technology  
Analytical Chemistry, Modern Analytical Techniques, Monitoring and Analysis of 
Environmental Pollutants, Water Quality Control, Air Quality Control, Ecotoxicology, 
Statistical Methods and Data Analysis, Chemical Metrology, Chemometry, Separation 
Techniques, Methods of Structural Analysis, Modern Techniques in Food Analysis, 
Biological Methods in Environmental Analysis, Process Analysis, Technical Analysis,    
The Silesian 
University of 
Technology 
Instrumental Analysis in Environment Protection, Speciation Analysis, Industrial Analysis, 
Analytics in Environment Protection and Clinical Research,  Modern Apparatus in 
Physicochemical Measurement, Monitoring and Analysis of Environmental Pollutants, 
Trace Analysis, Separation Methods in Bioanalytics, Bio- and Electrochemical Methods in 
Analytics, Electrochemical Methods and Biosensors,  
Warsaw 
University of 
Technology 
Environmental Pollutants Analytics and Monitoring, Modern Analytical Techniques, 
Miniaturizations in Analytical Chemistry, Analytical Control in Industry, Chemical Sensors 
in Analytical Control,  Spectrochemical Methods for Material Research,  Chromatographic 
Techniques in Materials Characterization, Analytical Ford Control Using Mass 
Spectrometry, Bioanalytic Methods, Spectroscopic and Spectrometric Techniques,  
Analytical Electrochemistry,  Methods and Techniques for Separation, Chromatography and 
Electrophoresis,  Speciation Analysis 
 
Both a Bachelor’s (engineer’s) projects as a diploma thesis very often are prepared in the field of 
Analytical Chemistry. The same is with Doctoral Studies, very often students choose subject matter connected with 
Analytical Chemistry. It is why each year we have about 100 doctorate (Table 3) in the field of Analytical 
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Chemistry. The laboratory on Polish universities are well equipped in specialist apparatuses (HPLC, GC, GC-MS, 
LC-MS, NMR, CI, ICP-OES. ICP-MS, AAS) but it’s strongly depended on university profile and how big it is. 
Students can participate in the scientific research carried on by the didactic staff, especially doing diploma thesis or 
doctorate. Other way of teaching are summer schools, postgraduate studies and courses from specific techniques 
organized at the most of Polish universities. 
The big challenges for teaching is its international dimension. International cooperation is very important for 
education. It gives the chance for students to realize their ideas in different laboratories, where their can meet new 
problems and new tools for solving the problems. It’s very important also for a students self-development. Such 
cooperation is especially profitable in the field of analytical chemistry. Students can utilize a modern and expensive 
equipment, which doesn’t  exist at home university, for example for neutron activation (INAA) methods there is a need of 
nuclear reactor, which can be available only in few scientific centers.  
 
Table 3 Masters, PhD, habilitation and professors in 2003-2012 
University Master Bac. PhD Habilita-
tion 
Prof. 
University of Bialystok 96 48 8 3 1 
University of Gda sk 82  36 7 1 
Jagiellonian Univ. in Krakow 166   49 9 1 
Maria Curie- Sk odowska 
University in Lublinie 
45 71 19 2 1 
University of Lodz 40 40 16 3 1 
University of Warmia and Mazury in 
Olsztyn 
70  7 2 0 
Opole University 26  7  1 
A. Mickiewicz Univ. in Pozna    10 4 2 
University of Silesia 75  18 2 0 
Nicolas Copernicus Univ. in Torun  120  16 8 1 
University of Warsaw  198  47 2 5 
Medical University of Gda sk 179  20 6 2 
Poznan Univ. of Medical Sciences 75  26 2 5 
Medical University of Lublin 290  35 11 4 
Medical University of Warsaw 35  4 0 1 
The Jan Kochanowski University in 
Kielce 
74 58 3 2 0 
Gda sk University of Technology 357 229 67 10 5 
The Silesian Univ. of Technology 248 87 13 1 0 
Koszalin University of Technology   4   
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AGH Univ. of Science and Technol.  120 17 6 4 2 
Cracow Univ. of Technology 43  6 0 0 
Poznan University of Technology 30  5 0 0 
Technical University of Radom 61  1 1 0 
Rzeszow University of Technology 40  0 0 2 
Warsaw University of Technology 222 76 29 4 4 
 Wroc aw University of Technology 75  8 2 1 
 
Students and staff exchange can be realized in the frame of LLP ERASMUS Program, very popular in Europe. Our 
department (Department of Analytical Chemistry, Gdansk University of Technology) has more then 50 Bilateral 
Agreement with different universities in Europe. Each year about 10-12 students are doing their thesis abroad in the field 
of Analytical Chemistry. Also some of our doctoral students are preparing part or even all their PhD thesis abroad in 
cooperating universities. Each year about 5 foreigner students and doctoral students are doing their thesis or part of Ph.D. 
thesis in the field of Analytical Chemistry in our department. We cooperate in this field not only with European 
universities, but also with Canada, USA, South Africa, Israel etc. 
Our department participates in two European projects for Master Studies. The first  one - European Joint Masters 
in Quality in Analytical Laboratories (emQal) (in the frame of ERASMUS-Mundus) -  is coordinated by University of 
Algarve and except of University of Algarve and Gdansk University of Technology also universities from Barcelona, 
Cadiz and  Bergen participate in this project. GUT in the academic year 2009/2010 played role “the host university”. 
The second program, Euromaster, Analytical Science at the Interface is coordinated by University of Pau and 
University of Aberdeen, Gdansk University of Technology, University of Oviedo and University of Liege are the 
member of the project. 
2. The other activities in the frame of international cooperation are exchange of teaching staff. Our teachers 
give lectures at other European universities and we invite teachers from abroad (each year about 15 scientists), the best 
specialists, for courses at our university, especially for doctoral students. Its courses (free of charge) are open also for 
teaching staff from our university as well as for students from other universities located in Gdansk and the vicinity. It 
promotes the European and world dimension and improves the quality of education by encouraging innovation in 
education. From 2003 to 2006 Gdansk University of Technology has the Centre of Excellence in Environmental 
Analysis and Monitoring (CEEAM) financially supported by the European Commission. During this time CEEAM, 
among other things, edited 6 books in the field of Analytical Chemistry and organized as  the educational activity: 
- summer school 2003 “New Horizons and Challenges in Environmental Analysis and 
Monitoring” (50 participants); 
- summer school 2004 “Analysis of Environmental and Food Pollutants (30 part.); 
- summer school 2005 “Chemometric Aspects of Environmental Analytics” (30 part.); 
- 3 courses: High Performance Liquid Chromatography, Sample Preparation for Analysis and 
Biotests in Assessment of Environmental Pollution; 
- International Seminar for PhD students. 
3. Similar activity you can find also in other Polish universities. Very popular is also CEEPUS (Central 
European Exchange Program for University Studies). Other activities, for example: 
- Nicolas Copernicus University from Torun has more then 10 Bilateral Agreements in the frame of 
Erasmus Program. In The Research Educational Center BioSep, located at Faculty of Chemistry,  each year more then 
25 Polish and more then 10 from abroad participants attend courses from Analytics in Environment Protection. It’s the 
center training in the field of chromatographic and electromigrative methods, validation and sample preparation. There 
are 2 Net-programs CEEPUS; 
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- Jagiellonian University in Cracow has very active cooperation with Nottingham Trent University 
(common diplomas), Université des Sciences et Technologies de Lille (courses),  Lund University, Strathlyde 
University etc. UJ is a member of Erasmus-Mundus (ASC – Master of Science: Advanced Spectroscopy in Chemistry) 
and TEMPUS, projekt nr JEP_41105_2006 pt. „Education System in Forensic Sciences for the Republic of   
Macedonia” (EDUFORMAK); 
- Wroclaw Univeristy organizes summer schools from analytical chemistry for students from University of 
Minnesota, Duluth, USA (for 11-16 students);  
- Warsaw University of Technology has more then 20 Bilateral Agreements in the frame of Erasmus Program; 
- Technical University of Radom participates also in a lot of programs, as: courses „Principles and Applications of 
Metrology in Chemistry; TrainMic - Training in Metrology in Chemistry (network in the frame of EC Research Center, 
coordinated by Institute for Reference Materials and Measurements, Belgium) and  SURUZ -  Scientific Network- 
Surfactants and Dispersed Systems in Theory and Practice, AIRCLIM – NET.  
In our opinion teaching of Analytical Chemistry at Polish universities is on good level and is realized by well 
prepared stuff with modern aspects of teaching. The courses contains, except of traditional classical Analytical 
Chemistry, also very modern techniques and the assurance of results quality and validation of methods are included. 
The practice part is carried on in well equipped laboratories with modern apparatuses. The graduated students are well 
prepared to the work in modern industrial and environmental laboratories. 
 
 
 
